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The cbiect of this investigztion is to develop a crystal
oecillator type of test sct for the purpose of datscting
wrw2nted crystal modes in the frequency range of 1 to
100 Me,

SIGAL CORPS CONTRACT NO. DA~35-039 SC-72378
SQUIER SIGNAL LABORATORY TECHNICAL REQUIREMENTS
FOR
PRAC B6-E15/D-3608, DATED FEBRUARY 13, 1956

DEPT, OF THE ARMY PRQJECT NUMBER 3-24~02-072
SIGNAL CORPS PROJECT NUMBER 867B

NOTOROIA, INC.

1043R00230009000:



Declassified in Part - Sanitized Copy Approved for Release @ 50-Yr 2013/10/25 : CIA-RDP81-010: ~§b‘()2300090005-8
SHPH G > 1 & ;

Burposy

The basic puxpose of this study is to develop one or more
crystal oscillators, covering the range of 1 to 100 Mc, which are
more susceptible to operating on a spurious mode than any other
oscillator in that particular frequency range.

Crystal manufacturers have, for some time, employed an elsborate
setup to plot the main and spurious modes of a crystal directly
on graph paper. Spurious respocnses whose series resistances are
four times that of the main mode escape detection entirely,
showing the extreme inadequacy of this system.

This places a double burden upon the military when crystals are
to be purchased, The first problem arises when spurious limits are
to be specified for a crystal which must be suiteble for a nusher
of circuits. The second problem lies in the limitations of the
detecting equipmant itself, Doth of these problems must be
solved before the military procurement agencies are able to stocke
pile quantitles of crystals for use in a variety of circuits.

An oscillator which 13 more capable of oscillating on spurious
responses than any other known oscillator is ths obvious solution
to these problems, This oscillator, or series of oscillators, is

to be incorporated into a military type of test set.

dbeizact

The Butler and Hartley oscillator circuits are analysed to
deternine the highest values of crystal spurious resistances capable
of sustaining oscillations.

The schematic diagrams of the 6-7 Mc. Butler and Hertley
oscillator circuits, which have been devaloped, are given. Utillzing
the derived equations, the highest values of spurious resistances
espsble of controlling oscillations in these two circuits are
computed,

The sain and spurious mode resistances and frequencies of the
crystals used to test the ogcillators are tabulateds The spuaious
responses detected by the te‘n't oscillators are indicated. The
overall ability of the Hartley oscillator to detect spurious
rosponses is given hy a curvo of highest spurious resistances
detocted vs, parcent frequency difference from ths main response. A
similar curve, expanded to include only those responses within one
percant of the main response frequency, is also obtained by the use

of the similated spurious technique,
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Publ ct epo: and fer In the previous report it was concluded that an oscillator capable

There were no publications, lectures, or reperts during this of detecting (1.e. ~ having its frequency of osci]:latian controlled

quarter. by) crystal spurious responses must meet two main requirements. The

Mr. B, Niederman and Mz. J. Loos of Motcrola conferred with £irst is high gain to compensate for the attenuation caused by a

Dr. Guttwein, Mr. O. layddn, Mr. G. Gougoulis, and Mr. D. Pochoerski high resistance spurious mode in & serles feeoback path. The secord

of S.C.E.L. at Fort Moamouth, NuJ. on 17 December, 1956, Progress requirement is that of extreme selectivity {i.e. - narrow bandwidth)

of the work up to date was discussed, The objectives of the contract to discriminate against a low main mode series resistance while per-

were clarified and plans for the inmedlate future were discussed, mitting oscillations.to be contrclled by an adjacent high resistance '
spugicus modes

The Butler and the Serles Mode Hartley oscillators were chosen
as the most logical circuits because of thelr ability to meet the
above two requirements and the added advantage of simplicity. Since
the final equipment is to be used by inexperienced personnel, it must
remain simple.
OSCILIATOR ARALYSIS

The conditions required for oscillations in terms of circuit
parameters for the Hortley and Butler circuits are derived in the

following sections. The resulting expression in each case is solved

I
1
I
|
N
1
1
’iI
1
1
1
1
1

for the crystal series resistance (R), which when evaluated, becomes

the highest value a!lwabl- for sustained oscillations.

t

In some cases it might be desirable to limit the vulue of this
resistance. Therefore, in the Hartley circuit, the expression
governing oscillations has been solved for "a™ which is the inverse
of the autotransformer turns ratio. In this menner the feedback may
be adjusted to control the limiting value of detectable resistance,
Ao Hartley Series Mode Oscillatox

The Hartley oscillator schematic and its equivalent circult are
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shown in Figs. 7a and 7b respectively, In order to solve for R the equation for 2, sust be reinserted

We define Z; and 23 as sirce Z; 18 a function of R.

auzjRy (R + a%zy) wRy (R + 2%zy)
Eq. 3b = (R +222)) (R + ~)
&’R'lzlx ntogoazzl

Re?
Rg+2
Ry (R +a%2))

Eqe 1 zZ) =

Eq. 2 = 2 Solving for R and simplifying ylelds
R + R+ 827

gmziRe (1-a) - (R *+2%2))

From Equation 1 and Fig, 7bs: Eqe 6 R=

1 ouhy

Eq. 3
To limft the value of dutectable R, the turns ratio (a) of the

coil is adjusted accordingly. Solving Equation 6 for "a® yieldss

From Equation 2 and Fig. T gnR-kzl*v(ngkzl)z ~4Z3(1 + gofq J(RA 1 + o Ry ) ¢ Ry)

Eqe 7 ax

o) Gmed bmnd e i Gmad bemd  bnmd bemd beed el

Ex ] 2z) (1 + o)

Eq. 4

[
[
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E Rp ¢ 1 +uw) L] ' If the quantity under the radical is a positive value, there will

be two solutions, either of which will saticfy the requirement. Any

—

Multiplying Equaticn 3 by Equation 4 results in ! value of "a” betwsen these two solutions will result in a higher

detectable "R", If the quantity under the radical is mede equal to
aZyZy

Eq. 3 =) zer0, only one point on the coil may be tapped. If the quantity

(R «a%2))(R, + (1 + w2

under the radical is negative, the circuit will require a lower value

of R to produce oscillations,

B, Butler Oscillatog
A generalized Butler oscillator schematic and its equivalent

The term (! + u) may be simplified to (u) since 1t is intended

e = e ———

to use a pentode or a high u tricde in the Hartley circuit, therefores
circuit are given in Figs. 8a and 8b rospectively. The additional

. auZ
Eq. Sa 172 equivalent circuits of Figs. 8¢ and 8d are simplified versions of

g

(R + a%2;) (R, + w2p)

o= ey gy ——
T
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Fig. 8b. In Fig, 8¢ the voltage generator of Fig, 8b (u'ﬁ) is

replacad by ¢ regative resistance equal to -u"(RP" + 23/ (" + 1)
From Fig. 8 (note) equation 8 is obtained.

ZR'

Zeng

The quantities 2, Z; and Z ars defined as

Eqe 8 ;=

Rz

u s+l

Eq. 9 L=

Re"Z2
23.
KR+
Ry’ (R +23)
Zy®
R R vz

From Fig. 8¢ Equation 12 is obtainod.

E 31

2 2

Eq. 12

From Fig, Bd Equations 13 and 14 are obtained,

)

Eq, 13

Declassified i ved for Release

Ey u'zy

Ey Rt v (1euizy

Multiplying Equatfons 12, 13 and 14 ylelds

u'z,2 -
£ 13 123%4

Z(R ¢ Z3)R,' + €1 +u'NZg)

Simplifying Equation 13 and substituting ths value of Z,

from Equation 11 yields

u'z;Z. .
Eq. 16 173

] B!
Solving Equation 16 for R gives

U'ZiZy - 2301 ¢u' ¢ Ry) = Ry
Z R'

R=

=(1+u)R+Z3) v — (ReR' +2Z4)

lou'QE
R’

Simplifying results in

R w2z - Rz

Eq. 18
. z (1 eum « Rp‘

If the value of detectable R is to be limited, it is possible

to do so by adjusting the galn of V', This may be accomplished by

adjusting the valve of Re Equation 18 may be solved for Rk.
yielding:

50-Yr 2013/10/25 : CIA-RDP81-01043R002300090005.



Ry' =
w223 - Rp'Zp - 21 + ' )R ¢ 25)

By substituting the desired limiting value of R, the required
value of Ry ' 1s obtained.

11 DEVELOPED OSCILLATORS

The oscillators described in this section were developed from
preliminary circuits described in the second quarterly report, The
Butler oscillator of Fig. 1 was originally doscriied in Fig. 4 of
the second quarterly report. (1) The Hartley series mode crystal
oscillatar of Fig., 2 was originally dsscribed in Fig, 1 of the
previous rsport. The symmetrical oscillator of Fig, 3 was evolved
from that of Fig., 1 in this report.

A. Butler Oscillptor

The Butler crystal oscillator described in Fig, 4 of the previous
Tepart was constructed. The plate tank coll L) was constructed
as a fixed coil rather than a tunable one since a higher "Q" was made
possible by the substantial increase in diameter. The coil that was
originally tried was about 13 microhenries. The tuning capacitor,
which was connected from pin 6 to ground to facilitate mounting, was
made 8 7 to 47 wuf alr variable, The tank circult tmpedance was
approximately 160,000 ohms since the "Q" of L) was about 300, Howe
ever, this tank circuit was shunted by the plate resistance of the
grounded—grid amplifier, about 5000 ohms. This results in a loaded
"Q" of approximately 10, This was definitely not the selectivity
(1) In Fig, 4 of the Second Quarterly Report, the lead from pin 6
to the 150 V terminal should be broken since it shorts out the tank
circuit of L; and Cy.

In Fig. B of the Second Quarterly Bsport, the lead connmecting

C3 to pin 2 should be broken, The disconnected and of C3 should be
groundad.

=10 -

desired but was utilized to determine the effect of a very high gain,.

This circult was tested and fourd to be highly unstabls, At
this point it was declided to decreass the gain of the grounded-grid
amplifier ;ugc and simultsnsously improve the selectivity. A de~
coupling network was placed batween the tank circuit and B+ and the
plate tank irpedance was lowsred, These two changes are showa in
Fig, 1. The resulting 4 uh coil, L), has a "Q" of about 230 resulting
in p tank impedance of approximately 40,000 ohms, Hovever, as used
in the circult, the loadnd "Q* becomes about 27, The variable
capacitor, Cy, i3 a ceramic trirmer which is used to set the range
covere3 by the air varlable Cs. The range covered by Cg 1s slightly
breater than 10X of the center frequency,

After wiring a capacitor in serfes with the crystal, resistances
were substituted for the crystal to determine the maximus valuve at
which oscillations would occix. This was determined to be over 1000
ohms, With thia sensitivity it was possible to pick up and detect
a large number of spurious responces, However, to further improve
the selectivity of thiz circuit come of this sensitivity must be
sacrificed. It was therefore decided to begin investigating the
Hartley Series Mode Oscillator since the high "Q" desired would, in
that particular circuit, be much more realizable.

The clrcuits lpp;ar!rig between the cathodes of V) in Fig. 1,
which lead to the “Crystal Current” and "R.F. Indicator™ terminals,
were installed in this circuit for .urposes of power measurements
and oscillation indications. The network consisting of Cqs Ry D!
and Cyp is the R.F. probe developed in the first quarter and is used

to measure the R.F, voltage at the cathode of the grounded-grid
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amplifier stage. The capacitors C; and C3, due to the rectifying
action of the diode D), charge up sufficlently to deliver a DC
voltage across D) equal to the peak value of voltage across the
crystal. The resistors Ry ard Rg are used primarily for iszolation
of the metering instruments, It was experimentally determined that
no additicnal losses occured by grounding R6 in order to abt;in a
ground reference for metering purposes.
B, Hartley Series Mode Oscillator

The original Hartley oscillator circuit, described in Fig. 1 of
the second Quarterly report, was taken almost entirely from an
oscillator presently being used as a second mixer oscillator in a
commercial Motorola receiver, The orfiginal schematic had been modified
to the extent of changing the tube type, adding a screen voltage
adjustment and making the feedback circuit an inductive rather than
a capacitive transformer.

In the ensuing tests it was determined that the Inductances Ly
and I4 were not necessary for our purpose. The inductance I4 had
been originally intended for a high impedance cathode load to attain
a near unity galn from the cathode follower. The inductance Ly had
been used in conjunction with a series tuning capacitor for purposes
of frequency adjustment. These two inductances were thercfore
discarded and' a 470 ohm cathode load resistance placed in the circult,

At this time the problem of Ly was brought up. This is the
inductance shunting the crystal which is used to tune out the shunt
capacitance of the crystal. An inductance to shunt the crystal for
this purpose is a logical ides when a narrow range of frequencies is

to be covered by the oscillaior, However, it would require an claborate

.xl“rur—qt—qu—at—-‘t—nb—oh—.t—dl

= éBf?:'m' IA v

E)

.12 -
switch to select a proper inductance at any frequency between 1 and
100 Mco At this frequency however, it is not even necessary to
include L, in the circult since the reactance of the crystal shunt
capacitance is over 4000 ohms, The problem of minimizing the feed-
through caused by the shunt capacitsnce of the cry;ul was postponed
to the time when higher frequency oscillators would be considered
since this capacitive effect would be much more detrimental at that
time,

It scon became apparent that, although tha Q" of L) was about
300, shunting this tank circuit with a grid resistor of only 10,000
ohms lowered the "Q™ to about 17, The grid resistor was therefore
incressed to 1 megohm, The loaded "Q" of the tank circuit then becasse
2%. This circuit howaver, proved very unstable and would oscillate
even with the crystal out of {ts cocket., At this point 1t was
decided that the impedance of the tank circult was muxch too high and
should be lowered. The resultant circuit is now shown in Fig. 2 of
this report,

The Hartley oscillator circult of Fig. 2 was used to obtain the
"Spurious Detectich Sensitivity™ curves of Fig. 5 and Fig. 6. The
metering networks leading to the "R.F, Indicator” and "Crystal Current”
terminals are identical to those described for Fig, 1. The crystal
current indication in this circuit, however, was obtained by metering
the voltage across a 100 ohm resistor in series with the crystal,

The capacitor, Cy, was wired into the circuit to prevent DC loading
of the cathode when resistances were substituted for the crystal,

In order to determine the most efficlent point at which to tap
the coll, L), it was decided to try each turn while recoraing the

output voltage obtained with a crystal controlling the oscillation,
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The maximum valuve of resistance which would sustain oscillations
for each tap point was also recorded. The results ars shown in Table I.
TABLE I
SELECTION OF MOST EFFICIENT FEEDBACK RATIO
R.F, output at Max. Resistance

Cathode with sustaining
grystal used os¢illations

1,14 Volt
e
2.15 680 ohng—--==
e o e
2.8 2200 *
3.0 2200 *
2.98 1500 *
-

2.1% 150
o L

I GO DO

-~

Based on this information the tap was placed on the fourth turn from
ground, (The coil, Ly, had a total of 10.3 turns. )

At this point it is possible, by the use of equation 6, to coopare
the theoretical and experimentsa} value of zaximum R for which
oscillations will continue, In order to do 30 the following parameters
have been utilized, For a 6AKS vacuum tube with a plate voltage of
150 and » screen voltage of 120, the transconductance (g,) 1s given as
approximately 5000, With L) having a total of 10.5 turns and the tap

2

being placed on the fourth turn, "a® becomes .381 and & equals 145,

The § s Ly 28 d on the "Q" meter, is 3,78 uh. Its "Q"
w3 measured as 250, This makes Z, the equivalent impedance of the
tank circuit at resonance, equal to 38,300 ohms, With a grid
resistor, Rg, of 1 megohn the value of Z; (equation 1) becomes 37,200
ohme, The value of Ry as given in Fig. 2 1s 470 ohms,

Substituting these values into equation 6 results in 4,39 K ohas
as being the hxgu_t valus of R which is theoretically detectable in

the oscillator circuit of Fig, 2, This value is quite different

Declassified in Part - Sanitized C
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from the maximum value of 2.2 X ohms which vas determined in Table I.
Howevar, when the vacuum tube which had been used in obtaining the
dats for Table I was tested in a transconductance type tube tester
under the actual operating voltages, the g, was measured as 3300
umhos Inrtead of the 5000 which had been obtained from published datse

Using this value of tance the ] value of R was once
again calculated and this time came out as 3.23 K ohose

The difference existing between the calculated and the expsrimental
value of maximum R is probably due to a nuzber of assumptions and
additional factars which were not taken into account, For example,
the transformer action of Ly was assumed to be 100X efficient. The
coll 1tealf was fairly large in diometer with the turns fairly well
spaced to maintain the good "Q". Undoubtedly this led to inefficiencies
which were not taken into account in the celculationse The load
offered by the metering circuits as well as the shunt capacitances
between the cathode and ground were entirely disregarded in making
the calculations.

For most applications it is possible to use eguation 6 to outain
the maximum valus of R as a first approximatfon, The actual
1imiting value of R would in any case be determined by experimntation.

A simple method of controlling the limiting value of R is by
tapping the coil at a point yielding less over-all feedback, Instead
of flxing the value of "a® and determining the limiting value of R
with equation 6, it may prove desirable to set the limiting value of
R and determine the value of "a® necessary to set this limit, For
exarple, by using the previously determined values for gpy Ryy 21
and the desired 1imiting value of R (let us arbitrarily use 2000 ohas),




1% -
the solution of equation 7 gives two values for "a®, These are +116
and 504,
C. Synmstrical Butle;

The schematic of a symmetrical Butler oscillator appears in
Fige. 3. This circuit was evolved from the Butler circuit appearing
in Fig. 1. The advantages of the Butler oscillator circuit of Fig. 3
over that in Fig. 1 are = greater simplicity - higher stability - more
versatility, The circuit was originally designed and constructed
around a 12AT? vacuun tube. The circuit is, however, equally useable
with either a 12AU7 or a 12AT7 vacuun tube. The data given in the
following section (III) frdfcates their relative ability to detect sp
spurious Tesponses. The impedance level of the plate tank circuit is
the same as that of Fig. 1 with the padder condenser, Cj, and the
trimmer condenser, C1j, setting the center frequency while the alr
variable, Cjg is used to tune a 10X frequency range.

Using the circuit values of Flg. 3 it Is possible to cslculate
the value of limiting R as in the case of the Hartley oscillator.
The following constants are used in the calculationss “g = 560,000 ohms,
Z = 38,300 ohms, u' = u® = 18, Ry' = Ry™ = 7000 ohms, Ry’ = R = 270
ohme, Substituting the values for Z and Rg into equation 8 yields
the value for Zj = 36,100 ohns. Substituting the values of Rp". Zy
and u* into aquation 9 yields Zp = 2,270 ohms. Substituting the
values for Ry” and Z; into equation 10 gives Z3 = 259. Substituting
these values into equation 18 gives a value of R = 1,210 ohms,

Resistances were substituted for the crystal to determine the

actual highest valus of R permitting oscillations. This Peximum value

4s 1100 ohms. 4 1200 ohm resistor was too high :.d would not cause

Declassified in Part iti oved for Release

oscillations to occurs
SPURIOUS DETECTION DATA

In the Second Guarterly Repert it was stated that, of the 1000
crystals tested for spurious res; inses, 352 of them were useable.

The basis for this statement was thet the rejected crystals had no
spurious responses less than 100 chme, However, as soon as the
oscillator testing began it hecame apparant that this limit should
have been raised to well zbove 1000 ohms. The 352 crystals which
were acceptable had at lezst ) spurious of less than 100 chms series
resistance. Of this latter group, 100 vere selected for testing
the Hartley cscillator amo two versions of the Symmetrical Butler
osciilator. The high “Q" versior of the Butler oscillator uses a
12AT7 vacuum tube and the low "Q" version uses a 12AU7 vacum tube,
The resulte of these tests are shrwn in Table IX.

In Table II the spurious werc numberec according to their
separation from the mein resoonse. The last three columns of this
table indicate the 2bility of the particular oscillator to detect the
varlous spurious respdnses. An X mark appearing on the line of &
spurious indicatss th:: the oscilliator, 1n vhose column the X appears,
was zble to oscillate under the control of that spurious.

The spurious cata of Teble IU i5 obtained in the following manner,
A crystal is inserted into the sucket and the plate tank tuned to
obtaln an output voltage, Tha terk circuit is then tuned lower
in frequency until there is no longsr any output. Tne resonant
frecuency of the tank circult is then raired until an output is
indicated, This output is then monitored by obtaining a beat note at

the output of s hetrodyne frequenty metero As the tank circuit is
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tunes Sicher in {reguercy tols beit nota varies but, by varying detect s spurious that was passed over when tuning from a lower to s

<ae tunirg of th- freniency meter. Is maintained In tha sudible saige, higher frequency. It is also possible by careful tuning to raintain

ns tie tank cireult is turen highur th: awdible beat note will oscillations on two frequencles simultaneously.

Ao

sucdenly disappers. I, at tlis <ime, a CC woltege is still present

at the k.F, Inticator tesainal 3t means that the oscillator is being
TABLE II
contrelied by » .piriots 2asponse.  The hetrolyne frequency meter is

Resistance Detected in Oscillator
Crystal Spurious & Butler
No, No, finX

ther tunea higher 31 Yrequency until the audidble nole is once again

word in the vic/nity of the spurlcus response cerntxolling the

cscillations, 201 e e —————
1.02
1.17
1.47
3.%

This proced.re 's redested a* this spurijus response until the
cudible rote 1s once acnin lost and regained oy retuning the hetrocyne

recuen.y matar 1o ths controlliny spurious, The frequency of each 5.62

of these spurisur 3s noted, Tae cifferense In frequency between the
spurisur anc the mein resjonse is calculatesd as z prrcent of the

main responsa froguency acd noted in Taole II. The wsistance of the

[ T T I B B T B B

upurisus that were detected, as vull as the ones whleh vere not detected,

were obtsinad Ly the series -esis-ance method ss reported in the
previous quarterly report.

Duzing *he tuning operatione of the tank circuit it is advanizgeour

to f.termittently turn off the Bv voltage an3 immediately twn it back

on agsin. This ninimizes tie pulling effect of the moae thst is

conirolling the oscillations. It is possible for the controlling tode

to hola the “requency ss *he tune: circuit skips sn adjscent response
and arrives at still another response at shich the circuit will
oscillate when the controlling response loses control. By interrupting

the B+ voltage the osciilator is more likely to detect the spurious

between these two. In some casis it is pessible by reverse tuning to

B S TD 3O 0 I e

[
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Resistance Detected in Oscillator

Spurious 3 Butler Resistance Dotected in Oscillator
No, finX Olung Hartley 12AT7 12407 h& Butler

ohmg

2 91 1820
3 1.26
4 2,59

1 1.13
2 1.51
3 5.30

1 .74
2 1.25
1.58

In the first crystal tested, 4201, the effect of the "Q* of the

tuned circuit (the bandwidth of the oscillator) becames very apparent,

The Butler oscillator incorporating the 12AT7 vacuum tube, by virtue

of a higher plate resistance than a 12AU7, was able to detect the 185

ohm spurious (#2) which was located between a 91 ohm spurious (#4) and
& main mode series resistance of 7 ohms, The same oscillator using

2 12AU7 vacuum tube was not able to detect this spurious. The only

factor involved in this case is the selectivity of the circuits since

the gain in all three circuits will easily allow oscillations on a 185

ohm spurious,

= pems s swn

Of the 100 crystals tested, the 12AU7 Butler circult oscillated

on spurious as high as 705 ohms in crystals #213 and 266, The 12AT7

B.utle: circuit ozcillated on a spurious resistance as high as 1650 ohas
in crystal #206, The Hartley circuit oscillated on a 2650 ohm spuriouvs
in crystal #250,

—— — —

The greater selectivity attainable with a Hartley osclllatar is

apparent in the results of crystal #206, Spurious #5, whose resistance

Declassified in Part
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is 920 ohms, was detected only by the Hartjey oscillator., This
spurious was picked out from in between 2 70 and 240 ohm spurious
by this oscillator. The 12AT7 Butler was incipable of selecting
this spurious and went from spurious 4 c.rectly to spurious #6.
The gain of the 124T7 Butler oscillator wis obviously sufficient
since it detected the spurious #10 resistirce of 1650 ohns,

The results obtained with the Hartle; oscillator are displayed
graphically in Fig, 9. . The curve, which 1as been obtained from the
experimental points, shows the maximum ve.es of spurious resistances
detectable throughout the frequency range. It is only possible to
utilize a few points cince, in the majorizy of cases, when a high R
spurious was present, the oscillations wee controlled by a lower R
spurlous in the irmediate vicinity. In tie upper region of the
curve (above 2% Af) the curve is almost rscresentative of the maximm
values of R's which may controi oscillatiirs. In the immediate vicinity
of the main mode frequency the actual abi.ity of the oscillator is
never utilized since there sre always lowr R spurious responses
present. To obtain a more accurate plot .m the vicinity of the min
response the simulated spurious technigue wzs utilized, .

For the simulated spurious technique t~e main rasponse was obtained
by the use of a crystal that had no detec-able spurious responses. In
shunt with this crystal was placed a seriws circuit consisting of a
crystal, whose main response was within 13 of the spurious free ervstsl
fraquency, and a resistor. This rasistor axs varied to determine
the value at which oscillations would no Jorrger occur. The results
of this test are shown In Fig. 6, As in ¥:5. 5, the circles indicate

Tespenses that were detected and the triaigles responses which were
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not detected, In Fig. 6 all of the Tesponses of the crystals within
1% were plotteds In Fig, 5 howsver, only the pertinent valuves in
the region of the curve were utilized to minirize confusion. It must
be realized that if all the points would appear on the curve of Fig, 3
there would be many triangles below the curve but no circles would
appear above the curve. The triangles below the curve wire left out
for reasons of clarity since the only reason they were not detected
was due to the presence of lower R spurious modes in the immedlate
vicinity,

IV POVER DETERMINATION
The power dissipated in a crystal may be Jetermined in a nunber
of wayso If the R.F. current through the crystal at its series
resonant frequercy is known and the resistanze of the main mods has
been deternined, the power may ke comuted »y the 12R method, If the
voltage across the crystal at serfes resonance is known and the
resistance of the maln response has been determined, the power may be
computed by the E2/R method.
A. Butler Osoillator
During the investigatfion of the Butler crystal oscillator of
Figo 1 both methods were trieda Fur the following tests a variable
0 to 500 ohm AC loac was placeu across R3z. This load was varied to
obtain an R.F. voltage of ,5 volta across Ry as measured by a Ballantine
AC meter, The tank circuit was then tuned through resonance and
the DC voltagos appearing at the Crystal Current terminal and the R.F.
Indicator terminal were recorded. The following results were obtained,
Voltage across crystal = ,2 = 4 - .29 - w33 - .43
Voltage across Rg =25~ 36« 49 - 49 - 42

It may be noted that the point of resonance is indicated by a minimum

50-Yr 2013/10/25 : CIA-RDP81-01043R002300090005-8
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crystal current as well as a maximum output voltage at the crystal
series rasonant frequencye

It may be seen that the voltage across Ry also appears across the
series combination of the crystal resistance and Rg. That is to say
that the current which flows through the crystal also flows t:hrouqh
Rge Therefore, by measuring the voltage across Ry and dividing by the
R.F. impedance from the cathode (pin 8) to ground, the current
flowing through the crystal may be obtaincd. The R.F, impedance across
the resistor Rg is equal to the resistance Rg in parallel with the
sum of the tube plate resistance and the tank impedance divided by
the sum of the amplification factor of the tube plus l. This
calculation yields an R.F. load in the cathode of the grounded grid
amplifier of 240 ohms, 1In the previous data it was seen that the
maximm output voltage across this R.F. cathode load was .49 volt.
bividing .49 by 240 glves a crystal current of 2,0 milliamperes. The

resistance of this crystal (#201) is 7 ohms, from Table II, The

‘power aissipated in the crystal may row be calculated as .03 milliwatt.

The voltage drop across the crystal may be calculated by multiplying
the 2 milliampere current by the 7 ohm crystal resistance, giving
14 millivolts. Adding this to the .49 volt across Rg gives a voltsge
across Ry of .504 volt. This agress with the original setting of .5
volt., The 14 millivolts dropped across the crystal is far different,
however, from the 290 millivolts obtainec by direct measurement.

To determine 1f the voltage across the crystal was a function of
the current at all, the AC load across Rg 1.es changed. The load wes

£irst changed from 240 to 127 ohms resulting in the same voltage across
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this cathode impedance; but the 290 millivolts across the crystal
was ralsed to 410 millivolts. When the AC load across Rg was
changed to 100 oims the voltage across the crystal was niud to
540 millivolts while the voltage across Rg remained the same, .49 volt,
At this point resistors were substituted for the cry:ztal until the
value was found which would give the same output voltage as the crystal.
This value turned out to be few hundred ohms rather than the 7 ohms
of the crystal. A value of resistance wes then found which would
give the same value of voltage across the resistance that had previously
been measured across the crystal. This value was again different
but alse in the hundreds of ohms. These experiments were duplicated
with B+ voltages of 150 and 105 volts with the same ena results, At
this point experiments on the Hartley oscillator were begun and the
remainder of the powsr determination experiments were performed on
that oscillator.
B. Hartley Oscillstop

The methods of measuring 7ower in the Hartley oscillator are
identical to those explained for the Butler osciilutor. That is, the
currert through the crystal or the voltage across the crystal must
be determined and either one utilized in conjunction with the main
tode series R to calculate the dissipated powsr. Since the current
floming through the crystal is now applied to the tank circuit there

is no simple way of measuring the crystal current. Fag" his reason

the voltage across the resistor Ry is used to calculate the cui»;tnt.
Tt

Ry 1s a plug-in resistor which may be interchanged with the*cryun!

allowing voltages across the crystal to bs measured,

With the potentiometer, Rg, {See Fig. 2) adjusted for maximum
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oscillator exitation, the output voltage measured at the R.F. Indicator nl with the crystal in place. The Jast colum is the same voltsge but

terminal is 3 volts and tho voltace across the resistor R is 84 withh the value of resistance indicated in column four in place of
millivolts, The crystal is removed from its socket and resistors the crystal, The results remain fairly inconsistent as the exitation
substituted until a value {s found which produces the same output is decreased until the screen voltage drops to about 45 volts. At
voltage. This value of resistance is 120 ohns, which gives & voltage about 40 volts of screen voltage the resistor which must be substituted
across Rl of 275 millivolts, If the 84 millivolts measured across the for the rrystal to obtain th. same output voltage actually approaches
100 ohm resistor is any indication of the current through the crystay the series resistance of the crystal itself. However, the voltage

the power dissipated in the crystal is only a few microwatts. However, across R) 1s measured az 4 milllvolts with the resistor in place and

since the sctual operating conditions cannot be simulated by substituting
resistances for the crystal, this value of measured current cannot be
considered valid. A possible reason Jor the inconsistencies of the
Tesistance subgtitution method may be oue to nonlinearities. In

an effort to obtain pure class-A operation, the screen exitation

only 2.3 millivolts with the crystal in place. When the screen

voltage is dropped to 35 volts the output voltage with the crystal in
place is 422 volt, This voltage is not obtaimable with even a short
circuit in place of the crystal, the highest output obtainable being

«17 volt,

voltage was decreased in steps and the resistance substitution method

C. Measuring Techni

tried in each case, The results are shown in Table III, The voltage measured at the R,F. indicator terminal in the

oscillators of Figs. 1,2, and 3 is primarily used as an indication
TABLE III
of oscillation. However, in the case that the actual R.F, voltage
Resistance Substitucion Tests

M‘O—‘ﬂi—_-_b—db—‘».ad

is required, as in the case of the Butler oscillator, the R.F. voltage
Screen Output MV Across Resistance for MV across

Volts Yolts 100 ohm res. same_voltage out 100 ohm yes, may be obtained from the calibration curve of Fig, 4. By the use of

4

84 120 this curve =n R.F, voitage in the range of 40 millivolts to .8 volt
64 120
52 150
36 120
26 133 "Hillivac®,
5 135 t

8 150
4 68
2
1

may be determined. The DC voltage in this case was measured with a

U,
-

The indications obtaines by measuring the voltage across a resistor

9
? 1,1

placed 1n zswies with the crystal always tend to be much too highe

Since the method used to measure the voltage across this series
The column entitled Qutput Volts is the voltage measured at the
resistor responds to peak values of voltage, it is posrible that these

R.F. Indicator terminal. The third column is the voltage moasured at

Vet 3 ket TR

high readings ate due to some form of nonlinearity such as might be_
the Crystal Current terminal, the voltage across the 190 ohm resistor

e et em eem o am Em B e
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obtained by class-B or class-C operation; or when blocking oscillations
are taking place at a much lower frequency.

In order to determine the cause and extent of the nomlinearities,
the waveform was observed 1n both oscillato.s with a high frequency
Tektronix oscilloscope.

The Hartley oscillator, when using a crystal in series with a
100 ohm resistor, showed a slight amount of distortion at high drive
levels. A 300 ohm resistor was substituted for the crystal which
gave the sa-e value of output voltage at the R.F. Indicator terminal.
The behavior was similar in that the waveform became slightly distorted
at higher drive levels. However, the distortion was mare the limiting
type rather than the nonlinear type which occurred in the case of
the crystal., When smaller values of resistances were substituted for
the crystal the oscillator began to block. This blocking could have
also been observed by increasing the exitation f;'om zero while
observing the output voltage. At the point that blocking oscillations
begin the output voltage increases sharply.

Since the Butler osclllator had no built-in exitatlon control it
was decided to obtain a variation in the drive level by varying the
tuning, This was successfully accomplished. The oscillator in this
case was the Syrmstrical Butler oscillator of Fig. 3, When 2 crystal
was placed in reries with a 100 ohm resistor the output voltage was
.44 volt, Py approaching oscillations from a lower fr-equency, the
output voltage could be continuously varied. Up toa valuve of 06
volt output which could also be obtained by replacing the exystal with
a 2200 ohms resistor, the waveform appeared to be purely sinusoidal.
However, when the output voltage was Increased beyond this point the

output waveform definitely became distorted. At the point of muximum
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output the waveform was extremely distorted. In each case it was
possible to simulate the output voltage and distortion by replacing
the crystal with a resistor, I\hen this value was 180 ohms a critical
point had beon reached. At any value of resistancc below 180 ohme
blocking oscillations were observed. The waveform observed at the
grid of the cathode follower stage indicated that the RC coupling
network betwoen the tank circuit of ihe grounded-grid amplifier and
the grid of the cathode follower was the cause of the blocking

oscillations,

50-Yr 2013/10/25 : CIA-RDP81-01043R002300090005-8
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The three crystal oscillators which were used to obtain the
data of Table IT were successful, to some degree, in detecting the
spurious responses of crystals, The Hartley oscillator was more
sensitive and more selective than either version of the Butler oscillater.
This was principally aue to the tank circuit being in the grid of
the cathode follower where the loading 15 very light. In the Butler
oscillator the selective circuit being used as a plate irpedance is
subject to loading by the plate resistance of the amplifier tubee
The Hartley circult has the added advantsge of an easily incorporated
exitation control by varying the screen potential.

Of the two Butler oscillators used to obtain the test data,
the one incorporating the 12AT7 vacuum tube was both more sensitive
and more selective than the same circuit incorporating a 12AU7 vacwa
tube. The greater selectivity was due to the higher value of plate
iesistanc: 12AT? causing less loading on the tank circuit and
retaining a higher value of "Q". The greater sensitivity is due to
the realization of a hicher gain in the grounded grid anplifier stage.

The conclusion may now be drawn, at least for this range of
frequencies, that the Hartley escillator best performs the functivh
of detecting spurious rasponses. However, it is very possible that
the sensitivity and selectivity of this oscillator may be-too great.
When it s realized that out of 100 perfectly useable normal production
zun crystals, about 90 to 95 would have detectable spurious, the
thought must occur that this oscillator may be too good. In order to
determine just how much ability this oscillator should have it would

be‘ necessary to compute the value of limiting R and the bandwidth of

Declassified in Part - Sanitized Co roved for Release
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the circuit for every oscillator currently in use and then use 8
detecting osciilator which responds to a higher value of limiting
R and has a narrowsr bandwidth than anv of these using oscillatorse
Deciding just how much selectivity and sensitivity is required will
be left for a later date:

From the results obtained in preliminary attempts to weasure
power dissipation in the crystal, it appears that the arive levels
must be raised to reach the 20 milliwatt level required. The main’
problem encountered with measuring power dissipatec in the crystal
when used in a detecting oscillator 1s that of extraneous blocking or
parasitic oscillations.

Due to the high "Q's" incorperated in most of these oscillator
circuits, the higher impedance levels have made regeneration a problem.
This means that the physical layout will be critical and must be well

planned.
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A Butler and s Hartley oscillator for use at 30 and 50 Mc.
will be developed and evaluated., Based on the performance of these
oscillators, one circuit will be chosen for the final instrument.

The number of oscillators required to cover the fraquency
Tange will be determined, These will be constructed as separate
units-ano then evaluated. )

A "bridge” mythod of compensating for the effect of the crystal
shunt capacity will be ‘nvestigated. Only by this means will it

be possible to achieve componsation over a large frequency range.
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Identificytion of Personnel
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Robert D, Vann - 542 manhours during third quarter,
Technician
Joseph Loos - 276 manhours during third quarter,

Engineer, Senior Electronic Development,




BUTLER CRYSTAL OSCILIATOR
6-7 MEGACYCLES
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HARTLEY SERIES MOCE CRYSTAL OSCTLIATOR
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SYASETRICAL BUTLER OSCILLATOR
6~7 Megacycles
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BUTLER OSCILLATOR

(¢) BQUIVALERT CIRCUIT

(a) SCHEMATIC

v,
R _Cjo "

(d) BQUIVALENT CIRCUIT

Bp = A,C. plate resistence of tube
(b) EQUIV c u = aplification factor of tube
ALENT CIRCUTT = .

7 - —E
zun‘
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(b) EQUIVALENT CIRCUIT

l.p = A,C, piate resistance of tube

N = total turns of coll

a = ratio of tap-to-total turns

u = amplification factor of tube -~ ’
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